Igneous and metamorphic petrology of lavas and dykes

of the Macquarie Island ophiolite complex. by Griffin, BJ
IGNEOUS AND METAMORPHIC PETROLOGY OF LAVAS AND DYKES 
OF THE MACQUARIE ISLAND O P H I O L I T E  COMPLEX. 
J 
Brendon J. G r i f f i n  
Submitted i n  fu l f i lment  of  the requirements 
for the degree of Doctor of Philosophy. 
University of Tasmania 
HOBART . 

This t h e s i s  con ta ins  no ma te r i a l  which has been 
accepted f o r  t h e  award of  any o t h e r  degree o r  diploma i n  any 
u n i v e r s i t y ,  and t o  t h e  b e s t  of my knowledge and b e l i e f ,  
conta ins  no copy o r  paraphrase of ma te r i a l  p rev ious ly  
publ ished o r  w r i t t e n  by another  person,  except where due 
r e fe rence  i s  made i n  t h e  t e x t  of  t h i s  t h e s i s .  
B .  J. G r i f f i n  
Un ive r s i t y  o f  Tasmania, 
May, 1982. 
CONTENTS 
List of Figures 
List of Tables 
List of Plates 
Abstract 
Chapter 1 INTRODUCTION 
1.1 Introduction 
1 . 2  Acknowledgements 
Chapter 2 LOGISTICS AND TECHNICAL DEVELOPMENTS 
2.1 Location and tectonic setting of Macquarie Island 
2.2 Access and field conditions 
2.3' Electron microprobe development and calibration 
Chapter 3  GEOLOGY OF MACQUARIE ISLAND 
3.1 Introduction 
3.2 General geology 
3.3 Structural geology 
3.4 Age, 
Chapter 4 PETROGRAPHY AND PRIMARY PHASE MINERALOGY 
4.1 General petrography of the lavas and dykes 
4.2 Phenocrysts distribution and mineral chemistry 
4.2.1 Plagioclase feldspar 
4.2.2 Clinopyroxene 
4.2.3 Olivine 
4.2.4 Spinel 
4 . 3  Phenocryst crystallization order 
4.4 Origin of the phenocrysts 
4.5 Petrography and mineralogy of young ocean-floor 
basalts 
4 .6  Comparison with other ophiolite complexes 
4.7 Summary 
v 
viii 
X 
xi i 
Chapter 5 METAMORPHISM OF THE LAVAS AND DYKES 
5.1 Introduction 5.1 
5.2 Sample .collections and mineral identification 
techniques 5 .  I 
5.3 Metamorphism: definitions and terminology 5.2 
5.4 Metamorphic assemblages in the pillow lnvas 2nd 
dyke swarm zones of the Macquarie I s l a n d  com~~lcx 5 . 4  
5.4.1 Ocean-f loor weathering 5 . 5  
5 -4.2 Zeolite facies alterat-ion 5.10 
5.4.3 Lower greenschist facics alteration 5 . 3 1  
5.4.4 Upper greenschist to amphibolite facics 
metamorphism 5.45 
Contents cont . 
5.5 Sulphide mineralization and associated alteration 
5.5.1 Introduction 
5 . 5 . 2  Discrete sulphides amongst lavas and dykes 
5.5.3 Vein mineralization 
5 . 5 . 4  Stockwork mineralization 
5-5 .5  Sulphide mineralization - a summary 
5.6 Oxygen and carbon isotope study of the 
metamorphism 
5.7 Conditions and processes of metamorphism 
5.7.1 Specific conditions of metamorphism 
5.. 7 - 2  Regional nature of the metamorphism and 
volcanic stratigraphy 
5 . 8  A summary of ocean-floor metamorphism exposed at 
Macquarie Island 
5.9 Fluid convection and sulphide mineralization 
Chapter 6 MAJOR AND TRACE ELEMENT GEOCHEMISTRY 
6.1 ~ntrodbction 
6.2 Geochemical effects of the alteration and 
metamorphism 
6 . 2 . 1  H20 abundances and F ~ ~ + / F c ~ +  ratios 
6 . 2 . 2  Comparison of petrography and CIPW 
normative and major element chemistry 
6 . 2 . 3  Core-rim variations in pillow lavas 
and variations across a massive flo\v 
6 . 2 . 4  Inter-element correlations of major and 
trace elements 
6 . 3  Igneous geochemistry 
Petrogenesis of the lavas and dykes: 
implications from their geochemistry 
Major element and compatible trace 
element variations 
Major element composition modelling and 
constraints on petrogenesis 
Major element petrogenesis 
Incompatible and hygromagmatophilc 
trace element variations and character- 
ization of the volcanic racks 
Implications of incompatible and 
hygromagmatophile clement rstjos 
Relationships of the incompatible and 
hygromagmatophi le element ahundanccs to 
the petrologic and normative . chaructcr . 
of the samples 
Refinement of partial melting estimates 
using a two-component mantle 
Contents con t .  
iii 
page 
Chapter 7 EVOLUTION OF hlACQUARIE ISLAND-TYPE OCEANIC CRUST 
7 . 1  In t roduc t ion  
7 .2  Metamorphic processes  i n  t h e  oceanic  c r u s t  
7 .3  Impl ica t ions  and f u r t h e r  s t u d i e s  
7.4 Igneous processes  a t  ocean ic  r i d g e  sp read ing  
c e n t r e s  
7.5 Der ivat ion o f  p r i m i t i v e  magmas and na tu re  of 
t h e  mantle he te rogene i ty  
7.6 Near-surface processes  a t  a  Macquarie I s l and-  
type mid-oceanic r i d g e  
REFERENCES 
Appendix 1 Major element analyses and 'CIPW norm 
c a l c u l a t i o n s  f o r  Macquarie 1 s land  1 avas and 
dykes 
CIPW normative compositions of Macquarie I s l a n d  
l avas  and dykes '  
Primary phase microprobe analyses  
Microprobe 'analyses of secondary phases i n  
Macquarie Is land lavas and dykes 
XRD r e s u l t s  .on secondary minera l  separates A5 .1 
XRF and wet chemical a n a l y s i s  techniques  A6.1  
Sample ca ta logue A 7 . J  
Oxygen i so tope  geochemistry of t h e  Macquarie i n  
I s l and  Ophio l i t e ,  by J . D .  Cocker, B.J. G r i f f i n  G pocket 
K .  Muehlenbachs. 
The out ly ing  i s l a n d s  of Macquaric l s l i ~ ~ ~ d ,  hy  I I 
D . J .  Lugg, G.W.  Johnstone G R . . ) .  ( ; r i f f i n .  
Energy d i s p c r s i v c  ana ly s i s  system ca 1 i llr'nt' i ; ~ i l r l  I I 
opera t ion  with 'I'AS-SUEUS, an cldvai~ccd i 1ht.cr;rc t i.vc 
da ta - reduc t ion  package, by 6 . J .  ( ; r i f f  i 11. 
The pet rology of t h e  Macquaric I s l a n d  ophiol  i t c  I I 
a s s o c i a t i o n :  Mid-Tert iary oceanic  c r u s t  o f  t h o  
Southern Ocean, by B . J .  G r i f f i n  G I t .  V:~rnc, 
The Macquaric I s l a n d  o p h i o l i t c  a s s o c i a t i o n :  Mid- I I 
T e r t i a r y  oceanic  c r u s t  o f  t h c  Southern Occ:~n, 
by B . J .  G r i f f i n  and R .  Varne. 
Erosion and r a b b i t s  on Macquarj c I s l and ,  I)y 
B:J. G r i f f i n .  
Conten t s  conr  . 
Appendix 8 cant. The Macquarie I s land o p h i o l i t e  a s s o c i a t i o n :  i n  
b l id -Tcr t i a ry  o c e a n i c  c r u s t  o f  t h e  Sou thern  pocket 
Ocean, by B . J .  G r i f f i n  4 R .  Vawe. 
Oxygen and carbon i s o t o p e  geochemist ry  I I 
of  t h e  Macquarie o p h i o l i t e ,  by J . D .  Cocker,  
B . J .  G r i f f i n  6 K. bluehlenbachs. 
Contents cont. . 
List of Figures 
Figure 2.1 Locality map 
Generalized geologic map of Macquarie 1,sland 
Geological map of the northern part of Macquarie 
Island 
Structural measurements on lavas 
Spatial distribution of alkaline and tholeiitic 
lava variants 
Size distribution of plagioclase phenoc~ysts 
between.tholeiitic and alkaline lava variants and 
for the lavas as a group 
Plagioclase compositions in sample 211 
Plagioclase compositions in the lavas and dykes 
Microprobe analyses of cores of clinopyroxene 
phenocrysts plotted in the Ca-Mg-Fe compositional 
triangle 
Cr203-Mg/Mg+Fe variations in clinopyroxene 
phenocrysts . 
 ovar ria ti on of Crz03 in clinopyroxene phenocrysts 
from lavas 
Compositional variations of groundmass 
clinopyroxenes 
Ti vs Mg/Mg+Fe for tholeiitic lava pyroxenes and 
alkaline lava pyroxenes 
Cr vs Mg/Mg+Fe as for Figure 4.9 
Compositions of spinel phenocrysts 
Distribution of secondary assemblages in Plncquaric 
Island lavas 5. l l  
Mass balance for zeolites analyzed u s i n g  t h c  TI1[) 
microprobe 5.13 
Charge balance of zeolites analyzcd using t.hc 'r1'11 
microprobe. 5 .  I4 
Mass balance for zeolites analyzcd with thc I:t)AX 
system 5.15 
Charge balance for zeolites analyzed with t h c  L:.I)AX 
system 5 ,  I 0  
Compositional fields fo r  zeolitcs on a N:i:2(:;1: f N i 7 1 ( ; )  ! ; . I8  
Zeolite analyses from Macquaric 1 sland l a v i i s  1,lot i.o(l 
on a Na-2Ca-(Si-16) cation plot ! ; , I ! )  
Phillipsite analyses from Macquaric Is1:lnd l : ~ v a s  
and modern ocean-f loor basal  ts 5 . 2 7  
FeO vs MgO plot for "chlori tcs" from Mncc(11:i r,i c 
Island lavas from different metamorphic grndcs 5 . 3 7  
Contents con t .  
Figure 5.10 FeO vs MgO p l o t  f o r  c h l o r i t e s  from ind iv idua l  
lavas  t h a t  have undergone lower grcenscl l is t  , f a c i e 5  
metamorphism 
Sulphide occurrences 
Oxygen i so tope  composition f o r  whole rocks of t h e  
Macquarie I s l and  o p h i o l i t e  vs H 2 0  conten t  
Oxygen and carbon i s o t o p i c  composition f o r  c a l c i t e  
i n  t h e  Macquarie I s l a n d  o p h i o l i t e  
Secondary phase d i s t r i b u t i o n  i n  Macquarie I s l and  
u n i t s  
Temperature ranges of  z e o l i t e s  i n  a c t i v e  hydro- 
thermal a r eas  
A c t i v i t y  diagram a t  cons tan t  temperature,  p re s su re  
and a c t i v i t y  of  Hz0 shpwing phase r e l a t i o n s  f o r  
a l b i t e ,  analcime and heu land i t e  
S impl i f i ed  metamorphic d i s t r i b u t i o n  and s t r u c t u r e  
o f  lavas  and dykes 
Schematic of  ocean-f loor  metamorphism 5.89 
llistograms of LOI f o r  l avas  and dykes  from 
d i f f e r e n t  metamorphic grades 6 .4  
Histograms o f  ~ e ~ + / ~ e ~  f o r  lavas and dykes of  
d i f f e r e n t  metamorphic grades 6 . 7  
Re la t ive  propor t ions  of  normative 0 1 ,  h y ,  d i ,  ne 
and Q i n  Macquarie I s l and  b a s a l t s  6 . 9  
Normalized REE abundances 6 . 1 3  
N i  and C r  con ten t s  o f  Macquarie I s land  b a s a l t s  and 
d o l e r i t e s  6 .15 
Geochemical p a t t e r n s  i n  MORB and o t h e r  mafic lavas 6.20 
AFM diagram f o r  Macquarie I s l and  basa l t s ,  d o l e r i t e s ,  
l ayered  gabbros and w e h r l i t e s ,  and ha rzburg i t e s  6 . 2 3  
P l o t  o f  major elements aga ins t  Mg/Mg+Fc f o r  
l avas  and dykes G . 7 5  
T i  and Z r  conten ts  o f  Macquaric Island h a s l i l t s  
and d o l e r i t e s  6 .  3 7  
T i ,  ~ r '  and Y contents  of Macquaric Island basal  e s  
and d o l e r i t e s  0 . 3 n  
T i ,  Z r  and S r  con ten t s  of  Macquarj e I s l a r ~ d  b i ~ s ; ~  l t.s 
and d o l e r i t e s  ( I  . : f ! J  
Zr and Nb con ten t s  of  Macquarie Island basa l t s  nncl 
d o l e r i t e s  0 . 4 0  
Z r  and Y conten ts  of Macquarie I s land  b a s n l t s  and 
d o l e r i  t e s  0 4 0  ' 
6.14 Masuda-Coryell REE p l o t  o f  Macquaric I s  land 
b a s a l t s  and d o l e r i t e s  ' I , .  4 4  
Contents cont .  
S r ,  Rb, K 2 0  and P 2 0 5  aga ins t  Nb f o r  t h e  lavas 
and dykes 
La, Zr, Ti02 and Y a g a i n s t  Nb f o r  t h e  l avas  and 
dykes,  
Geochemical p a t t e r n s  normalized t o  MORB 
abundances f o r  "enriched", "depletedu and MORB- 
equiva len t  l i q u i d s  from Macquarie I s l and  
. ..... - - - -  
Ne- and hy-normative composition content  aga ins t  
Nb abundance. 
. 
A schematic s ec t ion  through Macquarie I s land- type  
oceanic  l i t hosphe re .  The sec t ion  i s  based on t h e  
traverse from North Head t o  Eagle Poin t .  
Dynamic na tu re  and evolu t ion  o f  t h e  oceanic  crust 
sequence of  Macquarie I s l and  
A schematic model of near -sur face  magma 
processes  i n  t h e  formation o f  Macquarie I s land- type  
oceanic  l i t hosphe re  
vii i 
Contents cont. . . 
List of Tables 
Table 3.1 Structural measurements off lavas and sediments 
at the same locality 
3 . 2  Angular relationships between lavas and intruding 
dykes 
4.1 Phenocryst assemblages and abundances in lavas 
4.2 Phenocryst assemblages and abundances in alkaline 
and tholeiitic lavas 
4 . 3  Representative microprobe analyses of plagioclase 
phenocrysts and groundmass crystals 
4 . 4 A  Representative microprobe analyses of pyroxene 
phenocrysts 
4.43 Representative microprobe abalyses of goundmass 
pyroxenes and amphiboles 
4 . 5  Representative microprobe analyses of olivine 
4 . 6  Representative microprobe analyses of spinels 
5 . 1  Representative microprobe analyses of smectites 
Zeolite structures and optical properties in 
Macquarie Island rocks 
Representative microprobe analyses of Group I 
zeolites 
Repre'sentative microprobe analyses of Group 5 
zeolites 
~e~resentative microprobe analyses of gyro1 i t c  
and ?hi1 lebrandite 
Phillipsite analyses from literature 
Representative microprobe analyses of mixed-layer 
silicates 
Microprobe analyses of Ti-rich mixed-layer 
silicate 
Representative microprobe analyses of albite and 
K-feldspar 
Representative microprobc analyses of prchnitc 
Representative microprobe anal yscs o f  cpi tlor.cs 
Representative microprobc analyscs of sphcno :111(1 
recalculated sphene and epidote analyscs 
Representative mlcroprobe analyses of scconcI;~ry 
amphiboles and talc in the dyke swarm snmylcs 
Relict clinopyroxene and rim amphibole 
microprobe analyses 
Secondary and primary plagioclase feldspar 
compositions from altered dyke swarm samples 
+ 
~c'+/~e~+ ratios, H20 and C02 data for o c c a n - f l u o r  
weathered lavas and dykes 
Contents cont . 
Table 6 . 1  COz andH20 ana lyses  of lavas  and dykes 
6 . 2  Rim-core p i l low lava  and edge-core massive flow 
ana lyses  
6 . 3  Pearson c o r r e l a t i o n  c o e f f i c i e n t  matrix f o r  
major and t race  elements i n  Macquarie I s l and  
l avas  and dykes 
6 . 4  Cor re l a t ion  c o e f f i c i e n t s  of Zr with o t h e r  e lements/  
oxides f o r  r e c a l c u l a t e d  ana lyses  
6 .5  Macquarie I s l a n d l a v a s a n d d y k e s :  ma jo re l emen t  
d a t a  summary 
6.6 Poss ib le  primary l i q u i d s  
6.7A REE abundances i n  Macquarie l s l a n d  l avas  and dykes 
6.7B L i t e r a t u r e  REE analyses of Macquarie I s l and  l avas  
and BCR s tandard  a n a l y s i s  
6 . 8  Mixing c a l c u l a t i o n s :  Macquarie I s l and  1avas .and  
dykes 
6 . 9  Macquarie I s l and  lavas  and dykes: t r a c e  element 
d a t a  swmnary 
6.10 Se lec ted  major and t r a c e  element r a t i o s  i n  t he  
REE d a t a  subse t  . 
6.11 La/Sm and La/Yb r a t i o s  of Macquarie I s l a n d  samples 
grouped by grade of a l t e r a t i o n  and metamorphism 
6.12 Trace element ' abundances i n  end member .components 
def ined  by Nb var iance  i n  the  Macquarie I s l and  
lavas  and dykes 
6.13 MORB normalized va lues  o f  hygromagmatophile 
elements i n  t h e  "enriched", tfdepleted" and "MORB- 
equiva len t"  components . 
6 . 1 4  Ef fec t s  of inc reas ing  K20 and P205 on CTPW 
normative composi t ions. ,  
Contents cont. 
List of Plates 
-
Plate 4.1 Quenched olivine crystallites in unaltered 
basaltic glass. 
4.2 Subvariolitic texture in a chilled lava pillow r i m .  
4.3 Xntersertal texture in an alkaline basalt. 
4'. 4 Discrete kaersutitic amphibole in an alkali 
01 ivine basalt. 
4.5 . Hydrous segregation zones in an alkaline basalt. 
Subophitic texture in a tholeiitic basalt flow. 
Corroded plagioclase phenocrysts. 
A rounded and embayed augite phenocryst. 
Altered olivine glomerocryst. 
Spinel phenocrysts included in a large plagioclase 
phenocryst . 
A zoned augite'phenocryst including plagioclase. 
Replacement,of olivine by smectites and calcite. 
Natrolite-thomsonite-mesolite intergrowths filling 
an amygdule rimmed by smectites. 
Laumontite filling a vein rimmed by albite. 
Euhedral calcite rhombs rimmed by brown smectites 
in a zeolite filled amygdule. 
Actinoli te-sphene-chlori te  assemblage replacing 
mesostasis. 
Brown-olive green Ti-rich chlorite as n sccondnry 
m a t r i x  t o  relict titanomagnetitc. 
Subradiating epidote and chloritc filling an 
amygdule in an altered tholeiitic l ava .  
Uralitized doleritic dyke with primary twinning 
preserved in uralitized clinopyroxcne. 
Relict clinopyroxene with marginal alterat.jon t.o 
actinolite amphibole in a partially uralitized 
dyke. 
Randomly oriented actinolitc f ibrcs rep1 ac i r~g 
mesostasis in a doleritic dyke. 
Contents cont. 
Plate 5.11 Secondary sphene mantling titanomagnetite in a 
uralitized dyke swarm sample. 
5.12 Trernolite-talc-magnetite amygdule assemblage in 
a dyke swarm sample. 
5.13 Massive Fe-rich amphibole in a lower amphibolite 
facies altered dyke swarm sample. 
5 .14  Palimpsest structure in quartz in a quartz- 
sulphide vein. 
5.15 Two stages of smectite growth in a smectite- 
zeolite filled amygdule. 
ABSTRACT 
Macquarie I s l and  i s  an emergent p a r t  of t h e  Macquarie Ridge, which 
runs south from New Zealand t o  j o i n  the Indian-Pac i f ic  r i d g e  system, and 
marks t h e  boundary between t h e  Indian-Austral ian and t h e  P a c i f i c  p l a t e s .  
Most of  Macquarie I s land  i s  composed of  fault-bounded blocks o f  
vo lcan ic  rocks  t h a t  a r e  commonly b a s a l t i c  p i l low lavas  with r a r e r  massive 
flows and minor sediments.  The sediments range from GZobCgeriw oozes and 
red  s i l t s t o n e s  through coa r se r  l i t h i c  wackes t o  agglomerates.  Do le r i t e  
dyke swarms, gabbroic masses ' inc luding  a layered complex, and se rpen t in i zed  
p e r i d o t i t e s  a l s o  occur  i n  t h e  nor thern  p a r t  o f  t h e  i s l a n d ,  where an 
oceanic  l i t h o s p h e r e  s e c t i o n  has been recognized.  
The b a s a l r s  and d o l e r i t e s  a r e  usual ly p o r p h y r i t i c ,  c a r ry ing  
p l ag ioc l a se  (ha 7-Ane o )  as  t h e  dominant phenocryst phase w i t h  l e s s  
abundant o l i v i n e  (FOB 9 -Fos 5) , chrome s p i n e l  and r a r e l y  c l  inopyroxene 
{Cat, S M ~ S  Fes -Ca3 a ~ g s  0 ~ e l z )  . ~ o r m a t i v e l y  t h e  rocks range from n k -  t o  Q- 
bear ing ,  with most f a l l i n g  n e a r  t h e  c r i t i c a l  plane of  normative s i l i c a  
unde r sa tu ra t ion .  Dykes tend t o  be  more i r o n - r i c h  t h a n  lnvns, and -inclttdc 
t h e  more tli-poor rocks.  Tile rocks a l s o  ra igc  i n  composition from t y p i c a l  
ocean-f loor  basa l  t s  through v a r i e t i e s  r e l a t i v e l y  enr iched  i n  some 
incompatible t r a c e  elements ,  p a r t i c u l a r l y  Nb (20-73 ppm) and the  l i g h t  
r a r e  e a r t h  elements ,  t h a t  otherwise r e t a i n  ocean-f loor  b a s a l t  phenocryst 
assemblages, major element compositions and T i ,  N i ,  C r  and Z r  con ten t s .  
These l a t t e r  v a r i e t i e s  c l o s e l y  resemble t h e  ocean-f loor  b a s n l t s  from t h c  
"abnormal" r i dge  segments n e a r  45% and 36ON (FAMOUS) on t h e  M i t l -  
A t l a n t i c  Ridge. 
Mixing ca l c l l l a t i ons  us ing  phenocryst and rock compositions suggest  
t h a t  much of  t h e  compositional v a r i a t i o n  i n  t h e  volcanics  could have 
a r i s e n  by low-pressure c r y s t a l  f r a c t i o n a t i o n .  However, low-pressure 
f r a c t i o n a t i o n  processes  cannot a lone  account f o r  a l l  of  t h e  v a r i a t i o n s  i n  
concent ra t ion  i n  t h e  incompatible elements:  some may aZso a r i s e  from 
d i f f e r e n t  degrees of p a r t i a l  melt ing of a  poss ib ly  inhomogeneous source .  
Four grades of  a l t e r a t i o n  'and metamorphism have been d i s t i ngu i shed  
i n  t he  lavas and dykes. The lowest grade of  a l t e r a t i o n  produced smect i te -  
carbonate  dominated assemblages, p r i n c i p a l l y  a f f e c t i n g  o l i v i n e  and glass .  
Lavas t h a t  have s u f f e r e d  t h i s  ocean-f loor  weathering a l t e r a t i o n  have been 
shown t o  r e t a i n  t h e  magnetic p r o p e r t i e s  o f  t y p i c a l  oceanic  c r u s t ,  and 
were probably a t  t h e  top  of t h e  p i l e ,  i n  t h e  uppermost 200 m. Underlying 
t h e s e  i s  a  complex zone of  z e o l i t e  a l t e r a t i o n  def ined  by t h e  development 
of  Ca and Na z e o l i t e s ,  p r i n c i p a l l y  n a t r o l i t e ,  thomsonite,  a n a l c i t e ,  
wa i r ak i t e  and a t  t h e  bottom of  t h e  zone, laumonti tc .  The degree o f  
a l t e r a t i o n  i s  v a r i a b l e :  f r e s h  g l a s s  has  been found wi th in  a fcw.nietres 
of i n t e n s e l y  z e o l i t i z  ed lavas. Beneath t h e s e  z e o l i t e  f n c i e s  asscmblagcs 
a r e  a lb i te-chlor i te -epidote-sphene assemblages o f  t h e  lower g recnsch i s t  
f a c i e s ,  p re sen t  a t  t h e  base o f  t h e  l a v a  p i l e  where up t o  h a l f  of t1lc outcrop 
i s  composed of  b a s a l t i c  dykes. In c o n t r a s t ,  t h e  dykes of  t h e  dyke swarms 
have . suf fe red  a  d i s t i n c t i v e  a c t i n o l i t e  aml~hibole a . l t e ~ * a t i o n  and 
replacement o f  t h e  primary mafic minerals  t h a t  has  l e f t  t h e  p l ag ioc l a se  
l i t t l e  a l t e r e d .  This " u r a l i t i z a t i o n ' '  r e f l e c t s  t h e  a t ta inment  of  
cond i t i ons  o f  t h e  upper g reensch i s t  f a c i c s  grade of metamorphism, i ~ n d  
s p o r a d i c a l l y  a t  the  base of t h e  dyke swarm u n i t ,  whcrc v e i n s  o f  IlornbIondc 
a r e  p re sen t ,  t h e  lower amphibol i te  f a c i c s  grade of  metrrn~orphisnl. 
I t  i s  argued t h a t  t h e  observed progression of  sccondary :1sscn~l1 I :~ j ics  
arose  from hydrothermal a l t e r a t i o n  under varying tcmperaturc :111t l  I)rcs:;llt*e 
conditions,  which a f f e c t e d  the  oceanic  c r u s t  s cc t ion  t o  t h c  I);lsc 01: t.lic 
dyke swarm u n i t .  F i e ld  r e l a t i o n s h i p s  suggest  t h a t  on Mncquaric l sland 
x i v  
t h i s  corresponds t o  a  depth o f  approximately t h r e e  k i lomet res .  Prelim- 
ina ry  oxygen and carbon i so tope  s t u d i e s  show t h a t  s e a  water  was the  
i n i t i a l  f l u i d  and t h a t  t h e  f l u i d  became s u b s t a n t i a l l y  modified with depth 
through r o c k ' i n t e r a c t i o n .  F lu id  movement was concent ra ted  along f r a c t u r e  
systems i n  t h e  l avas .  
The major e f f e c t s  o f  geochemical a l t e r a t i o n  of  t h e  massive rocks ,  
+ 
away from the  f r a c t u r e  zon'es, are inc reases  i n  t h e  W 2 0  content  and 
~ e " / ~ e ~ +  r a t i o .  The magnitude of  t h e  changes i s  dependent on s t r a t i -  
g raphic  p o s i t i o n :  both decrease with depth.  Gypsum d e p o s i t s ,  conta in ing  
minor amounts o f  su lph ides ,  a r e  p re sen t  i n  t h e  top  o f  t h e  dyke swarm 
u n i t .  Pyrite-dominated sulphide-quartz-carbonate assemblages a r e  p re sen t  
i n  ve ins  i n  t h e  base o f  t h e  l ava  p i l e  and upper p a r t  o f  t h e  dyke swarm 
u n i t .  A l a rgk  stockwork depos i t ,  with t h e  same mineralogy, i s  a l s o  
p re sen t  i n  t h e  base of  t h e  lava  s e c t i o n .  I t  i s  suggested t h a t  t h e  gypsum- 
r i c h  d e p o s i t s  r e f l e c t  temperature-induced su lphato  sa tu ra t ion  of t h e  
descending f l u i d  whereas t h e  su lphide-bear ing  vein assemblages have been 
p r e c i p i t a t e d  from cool ing  upwelling f l u i d s .  
B.J. G r i f f i n  
Many o f  t h e  g ras s l and  s l o p e s  c o n t a i n  smal l  t e r r a c e s  o r  t e r r a c e t t e s  ( p l a t e  l b ) .  
These a r e  commonly misnamed "sheep t r acks"  throughout r u r a l  mainland A u s t r a l i a  and on 
Macquarie I s l and  some workers have s i m i l a r l y  m i s i n t e r p r e t e d  t h e s e  f e a t u r e s  a s  due t o  
r a b b i t  t r a c k s  o r  s q u a t s .  Ac tua l ly  t h e s e  f e a t u r e s  a r e  u s u a l l y  a  r e s u l t  o f  c reep  pro-  
c e s s e s ,  s o l i f l u c t i o n  and o r  o c c a s i o n a l l y  small  s c a l e  slumping. 
Wind is  another  e r o s i v e  agent  on blacquarie I s l and ;  du r ing  t h e  t h r e e  month 1975/6 
summer t h e  average wind speed was 26 km p e r  hour.  However because o f  t h e  moist  s u r -  
f ace  environment wind d e f l a t i o n  e f f e c t s  a r e  d r a s t i c a l l y  reduccd r e l a t i v e  t o  t h o s e  i n  
d r i e r  environments.  Moist  c l a y  has  s t r o n g  i n t e r p a r t i c l e  adhesion s o  t h a t  only  du r ing  
t h e  r a r e  d ry  p e r i o d s  i f  eve r ,  a r e  t h e  c l a y s  d e f l a t e d .  Coarser  m a t e r i a l  is more sus- 
c e p t i b l e  and f o s s i l  a e o l i a n  dunes depos i t ed  a long  t h e  n a t u r a l  wind ' funne l '  between 
Sandy Bay on t h e  e a s t  c o a s t  and Bauer Bay on t h e  west c o a s t  a r e  being eroded through 
wind d e f l a t i o n .  Observat ions  sugges t  t h a t  t h i s  was i n i t i a t e d  by r a b b i t s  burrowing on 
t h e  windward s i d e  of t h e  dunes .  Eros ion o f  r a i s e d  marine r i d g e s  on t h e  c o a s t a l  t e r -  
r a c e s  i s  probably a l s o  a  r e s u l t  o f  s i m i l a r  r a b b i t  a c t i v i t y .  These a i c a s  a r e  very  
smal.1 r e l a t i v e  t o  t h e  whole i s l a n d  and i n s i g n i f i c a n t  i n  terms o f  t h e  o v e r a l l  e ros ion  
p rocesses .  
. 
I t  has  a l s o  been suggested t h a t  r a b b i t s  have inc reased  t h e  inc idence  o f  l a n d s l i p s  
by  weakening an a r e a  through burrowing. No evidence has  been p resen ted  on t h i s  and a  
v i s u a l  comparison o f  t h e  i s l a n d  today wi th  photographs taken a t  about t h e  time of i n t r o -  
duc t ion  o f  r a b b i t s  would sugges t  t h a t  t h e  r a t e  of occurrence  has  n o t  s i g n i f i c a n t l y  
a l t e r e d .  Furthermore a r e a s  o f  burrowing p e t r e l  co lon ies ,  which have a h i g h e r  burrow 
d e n s i t y  than r a b b i t s ,  a r e  no t  obviously  more eroded than  a d j a c e n t  a r e a s .  
In  summary, t h e  major p rocesses  a c t i v e  on Macquarie I s l and  a r e  va r ious  forms o f  
mass movement. Although r a b b i t s  may have seve re  b o t a n i c a l  e f f e c t s  on t h e  ecology, 
they have had l i t t l e  e f f e c t  on t h e  e r o s i o n  o f  Macquarie I s l and .  I t  i s  i n v a l i d  t o  
compare Macquarie I s l and  with mainland A u s t r a l i a  because  o f  t h e  major c l i m a t i c  d i f f e r -  
ences  and such comparisons a r e  mis leading.  
' Many people  have provided f r u i t f u l  d i s c u s s i o n  and adv ice  on t h i s  t o p i c ,  i n  par-  
t i c u l a r  Mr. 6 .  Copson;Dr. E.  Colhoun and Dr. J . ' J e n k i n s .  Mr. G .  Copson i s  thanked 
f o r  supplying t h e  photographs.  The Nat ional  Parks and W i l d l i f e  Se rv ice  o f  Tasmania, 
t h e  A u s t r a l i a n  A n t a r c t i c  Divis ion and t h e  Un ive r s i ty  o f  Tasmania have provided l o g i s t i c  
, suppor t  and funding f o r  two v i s i t s  t o  t h e  i s l a n d  and t h i s  is  g r a t e f u l l y  acknowledged. 
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